Introduction
============

Breast cancer is still one of the most common malignant tumors and the leading cause of cancer-related death among women worldwide, including China.[@b1-ott-11-1665]--[@b3-ott-11-1665] It is mainly treated by surgery, chemotherapy, radiotherapy, targeted therapy, and endocrine therapy. In the patients with operable breast cancer treated with standardized therapies, the prognosis is good, with the 5-year overall survival rate (OS) being over 90%.[@b4-ott-11-1665],[@b5-ott-11-1665]

Radiotherapy has been used in the treatment of many cancer types such as breast cancer. Postoperative radiation therapy in breast cancer not only improves OS after breast-conserving surgery, but also after mastectomy in node-positive disease.[@b6-ott-11-1665],[@b7-ott-11-1665] Approximately, half of the patients with breast cancer receive postoperative external beam radiotherapy. However, radiotherapy itself also inevitably involves some unwanted irradiation adverse events to normal tissues, including the skin, such as acute dermatitis, subacute complications, and undesirable cosmetic changes. Radiation-induced dermatitis is the most common adverse effect of external radiotherapy. Severe cases necessitate interruption of radiotherapy for intolerable moist desquamation until the injury heals. However, the incidence and severity of radiation-induced dermatitis vary significantly in previous reports. It may be influenced by extrinsic factors, such as radiation dose, target volume, fraction size, and radiation technique, and also by intrinsic factors such as genetic background, breast size and geometry, age, and molecular subtypes.[@b8-ott-11-1665] There is no clear evidence indicating that a specific product can prevent or treat radiation-induced dermatitis.[@b9-ott-11-1665]

Here, we report the incidence of acute skin reaction and analyze its influencing factors at the end of postoperative radiotherapy for breast cancer patients in our center.

Materials and methods
=====================

Patient selection
-----------------

We conducted an Institution Review Board (The Third Hospital of Nanchang Medical Ethics Committee)-approved observational study for patients undergoing postoperative radiotherapy for breast cancer from June 2016 to August 2017 in the Department of Radiation Oncology at the Third Hospital of Nanchang and the Fourth Affiliated Hospital of Nanchang University. All patients provided written informed consent form before enrollment in the study. The patients eligible for enrollment were subjects with histologic proof of a primary invasive breast carcinoma or ductal carcinoma in situ (DCIS) who underwent a planned course of continuous, definitive, or adjuvant external beam radiation therapy to the whole breast for lumpectomy or to the chest wall for mastectomy. Treatment of the regional lymph nodes, including supraclavicular and internal mammary lymph nodes, was permitted as indicated. Patients with bilateral breast cancer, or previous radiation to the same sites being treated, were excluded. All clinicopathologic and treatment planning data were retrospectively extracted from the electronic medical record. One hundred seventy six cases of radiation therapy for breast cancer patients were collected in the preset period, all of whom were female, and three patients were excluded. There were 98 cases of left breast cancer and 75 cases of right breast cancer; 34 cases of breast-conserving surgery, including six cases with lymph node metastasis and three cases of DCIS; 139 cases of modified radical mastectomy, three cases of local recurrence, and no previous radiotherapy history. The baseline clinicopathologic characteristics of patients are shown in [Table 1](#t1-ott-11-1665){ref-type="table"}.

Radiation modalities
--------------------

The radiation oncologists defined the target volume, and the radiation physicists made the dose distribution, which was confirmed by the radiation oncologists. Planning target volume was contoured under radiation therapy oncology group (RTOG) guidelines for intensity-modulated radiotherapy (IMRT) patients. All radiation planning was done in Pinnacle (Philips Medical Systems). Radiation plans were designed using IMRT. IMRT involved tangential sliding window continuous segmentation with inverse planning of an optimization structure derived from the target volume. Conventional two-dimensional (2D) radiation usually had three fields, one for supraclavicular lymph nodes and the other two for chest wall ([Figure 1](#f1-ott-11-1665){ref-type="fig"}). Patients treated with conventional 2D irradiation were normally radiated with 7--8 MeV electron in chest wall field, while 9--12 MeV electron and photon alternately mixed in supraclavicular nodes field. Selection between conventional 2D irradiation and IMRT was at patients' discretion, with bias toward conventional 2D irradiation in some cases of poor, but no patients with lumpectomy or \>4 involved lymph nodes were irradiated with conventional 2D for safety consideration. All patients were prescribed with a total radiation dose of 50 Gy in 25 daily fractions. A boost field of an additional 10--16 Gy was applied to the tumor bed using electrons. The physician determined the dose and the boost field design for tumor bed. Conventional fractions were treated to all patients at 200 cGy daily fractions to 5,000 cGy for postmastectomy adjuvant radiotherapy or to 6,000--6,600 cGy for lumpectomy or local recurrence disease, respectively. Internal mammary nodes were generally only treated if clinically involved, typically using IMRT. When lumpectomy tumor bed boost was used, it was administered in 200 cGy fractions to a total dose to 1,000--1,600 cGy with electron, while in patients with DCIS, no boost.

Education prior to radiation
----------------------------

We implement routine health education on all patients before radiation therapy, guide the patients to expose irradiation sites and avoid friction with appropriate cotton underwear, not to expose the irradiation sites to skin irritation detergent, avoid scratching and using alcoholic disinfectant, have diet with high protein, high vitamin and easy-to-digest food, eat more fresh fruits and vegetables, and not to eat spicy food and drink hot water, and some patients use Biafine or other skin creams on their own will. Previous reports showed that there was no overall difference between best supportive care and use of Biafine in the prevention of, time to, or duration of radiation-induced dermatitis.[@b8-ott-11-1665]

Assessment of acute skin toxicity
---------------------------------

Toxicity grading was in accordance with the RTOG scoring criteria for acute radiation dermatitis using physician-reported outcomes and scored as the most severe toxicity observed. This scoring system provides a ranking of skin reaction from no signs of dermatitis (grade 0), to severe and ulcerating dermatitis (grade 4) ([Table 2](#t2-ott-11-1665){ref-type="table"}).[@b10-ott-11-1665] Dermatitis assessments were performed at the end of radiotherapy. When grade 1 or mild grade 2 skin reactions occur, the radiotherapy can be continued, and the radiation field should be kept clean and dry, avoiding the friction stimulation of the hard clothes. Once the confluent wet desquamation occurred, the radiotherapy was terminated, and for the potential infected patients, 3 days of oral antibiotics were necessary. Additionally, after completion of radiotherapy, the patients completed a patient questionnaire booklet for the 2 weeks immediately after radiotherapy completion.

Statistical analysis
--------------------

The primary endpoints of the study were the frequency of postoperative radiotherapy-induced acute dermatitis in breast cancer and its influencing factors assessed by the physicians under the RTOG scoring criteria for acute radiation dermatitis. The maximal grade of this adverse event during treatment was recorded for each patient. Using a single-factor analysis of variance and the *χ*^2^-test to compare between each potential influencing factor by SPSS 15.0 statistical software, *p*\<0.05 was statistically significant.

Results
=======

A total of 176 patients with radiation therapy for breast cancer were enrolled between June 2016 and August 2017. All irradiation sites were recorded and assessed at the completion of scheduled prescription dose, and then we scheduled a follow-up at 2 weeks after irradiation completion. Of the 176 patients, there were three patients who did not complete the planned radiotherapy, one for ischemic cardiac disease potentially caused by anthracycline-based chemotherapy, and the other two for serious anxiety. Consequently, 173 patients were eligible for evaluation of the primary endpoint. Overall, among the patients qualified, at the last fraction of radiation, there were no obvious skin change over baseline in 33 cases; 121 subjects with grade 1 skin reactions manifested as local follicular, faint, or dull erythema/epilation/dry desquamation/decreased sweating; 19 patients suffered from grade 2 skin reactions, characterized by tender or bright erythema, patchy moist desquamation/moderate edema ([Table 3](#t3-ott-11-1665){ref-type="table"}). No skin reactions of were found in this study ([Figure 2](#f2-ott-11-1665){ref-type="fig"}). Grade 1 skin reactions normally occurred after the skin dosage up to \>3,000 cGy, and grade 2 skin reactions usually appeared after the skin dosage reached \>4,000 cGy. All of the radiation-induced skin lesions were healed within 2 weeks after completion of radiotherapy.

We further analyzed the potential influencing factors related to the severity of radiotherapy-induced skin lesions. There was no difference in the severity of skin acute reaction between left breast cancer and right breast cancer. Similarly, no difference was found in molecular subtypes, patients' age, and irradiation modalities. There is a trend favoring no chemotherapy over chemotherapy, though *p*-value is 0.074. However, the severity of skin acute reaction does depend on the surgical types, fields treated, and planned total radiation; [Table 3](#t3-ott-11-1665){ref-type="table"} shows the univariate analysis of factors as they relate to radiation dermatitis.

Patients with grade 2 acute dermatitis recovered within 2 weeks after the completion of irradiation through proper local care, leaving radiation field skin pigmentation, most of which did not have a substantial impact on the process of radiotherapy.

Discussion
==========

Radiotherapy plays an important role in reducing local recurrence by about two-thirds and even metastasis, improving disease-free survival and prolonging the OS.[@b11-ott-11-1665] With improving OS rates in breast cancer, there is an emerging focus on the quality of life after adjuvant treatment. However, irradiation is often accompanied by a variety of radiation injuries. Acute radiation dermatitis is a common side effect of radiotherapy in many forms of cancer including breast cancer. The severity of the reaction may depend on the radiotherapy fraction schedules, the total dose, the treated skin area, and also individual variations.[@b12-ott-11-1665] For short of blood supply, postoperative breast cancer chest wall skin is not well tolerated, and easy to damage in the radiation field of skin, as manifested by erythema, edema, erosion, ulcer, or even serious. Normally, the severity of this symptom may be related to the prescription dose and fractionation delivered to the skin and to patient-related factors such as obesity, smoking, and use of radiosensitizing chemotherapy.[@b13-ott-11-1665]--[@b15-ott-11-1665] Though the exact mechanisms of acute radiation dermatitis are still unknown, it may be associated with an inflammatory cascade mediated by cytokines.[@b16-ott-11-1665] In vitro studies showed that there were morphologic alterations to the normal histologic characteristics, including a marked decrease in basal cell proliferation, endothelial cell damage, resultant vasodilation with altered membrane permeability, and inflammatory cytokine release by irradiation.[@b17-ott-11-1665],[@b18-ott-11-1665] Corticosteroids may reduce the incidence and severity of radiation dermatitis and delay the onset of the maximal clinical symptoms.[@b19-ott-11-1665],[@b20-ott-11-1665]

In our study, the results showed that the acute skin reaction of irradiation in postoperative radiotherapy breast cancer patients is generally mild and tolerable; grade 1 dermatitis accounted for about 69.9%, grade 2 dermatitis accounted for about 11.0%, and no grade 3 or higher dermatitis was observed in the patients studied. Nearly 19.1% of our patients showed no radiation-induced skin reaction at all. Previous reports showed that radiation-induced skin reactions were observed in \~90% of breast cancer patients undergoing adjuvant postoperative radiotherapy.[@b21-ott-11-1665],[@b22-ott-11-1665] In our data, the incidence is lower than the previous reports. It needs to be studied further if the skin color affects it. We found that there is high individual variation in the development of radiation-induced dermatitis. There must be a number of factors, which were poorly understood to our knowledge, behind skin sensitivity to radiation and development of dermatitis. Through univariate analysis, our study suggests that the surgical methods, irradiation fields, and planned total radiation dosage may be the possible influencing factors, and there is also a trend favoring no chemotherapy over chemotherapy; however, there is no difference in the severity of skin acute reaction between sides of breast, molecular subtypes, patients' age, and irradiation modalities. Nevertheless, the radiation-induced dermatitis may affect patient's compliance with the treatment and may be one potential reason for discontinuing the use of a potentially curative treatment.[@b23-ott-11-1665],[@b24-ott-11-1665]

In conclusion, radiotherapy is an important part in the management of postmastectomy breast cancer patients with metastatic lymph nodes and most patients with lumpectomy. The incidence of postoperative radiotherapy-induced acute dermatitis is common but generally mild in Chinese breast cancer women, and quite a few patients' radiation process will be interrupted. Consequently, breast cancer patients with radiation indications should not give up for fear of radiation-induced acute skin reactions.
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![Image of radiation modalities.\
**Notes:** IMRT involved tangential sliding window continuous segmentation with inverse planning of an optimization structure derived from the target volume. Conventional 2D radiation usually had three fields, field A for supraclavicular lymph nodes, field B for medial side of chest wall, and field C for lateral side of chest wall.\
**Abbreviations:** 2D, two-dimensional; IMRT, intensity-modulated radiotherapy.](ott-11-1665Fig1){#f1-ott-11-1665}

![The representative images of grade 0, grade 1, and grade 2 dermatitis in postmastectomy radiotherapy (top panel) and postlumpectomy radiotherapy (bottom panel).\
**Notes:** Grade 0: no obvious skin change over baseline; grade 1: skin reactions manifested as local follicular, faint, or dull erythema/epilation/dry desquamation/decreased sweating; grade 2: skin reactions, characterized by tender or bright erythema, patchy moist desquamation/moderate edema. All pictures were taken on the day of the last fraction.](ott-11-1665Fig2){#f2-ott-11-1665}

###### 

Patients clinicopathologic characteristics

  Characteristics                N     \%
  ------------------------------ ----- ------
  Tumor sites                          
   Left breast cancer            98    56.6
   Right breast cancer           75    43.4
  Molecular subtypes                   
   Luminal A                     27    15.6
   Luminal B                     83    48.0
   HER-2 enriched                35    20.2
   Triple negative               28    16.2
  Age, years                           
   \<40                          24    13.9
   40--50                        56    32.4
   50--60                        66    38.2
   \>60                          27    15.6
  Types of surgery                     
   Lumpectomy                    34    19.7
   Mastectomy                    139   80.3
  Chemotherapy                         
   Yes                           157   90.8
   No                            16    9.2
  Radiation methods                    
   IMRT                          164   94.8
   2D                            9     5.2
  Fields treated                       
   Whole breast                  28    16.2
   Whole breast+SCN              6     3.5
   Chest wall+SCN                111   64.2
   Chest wall+SCN+IMN            29    16.8
  Planned total radiation (Gy)         
   50                            139   80.3
   60                            30    17.3
   \>60                          4     2.3

**Abbreviations:** 2D, two-dimensional; IMN, internal mammary nodes; IMRT, intensity-modulated radiotherapy; SCN, supraclavicular nodes.

###### 

Radiation therapy oncology group scoring criteria for acute radiation dermatitis

         Grade 0                   Grade 1                                                                             Grade 2                                                               Grade 3                                                              Grade 4
  ------ ------------------------- ----------------------------------------------------------------------------------- --------------------------------------------------------------------- -------------------------------------------------------------------- ----------------------------------
  Skin   No change over baseline   Follicular, faint, or dull erythema/epilation/dry desquamation/decreased sweating   Tender or bright erythema, patchy moist desquamation/moderate edema   Confluent, moist desquamation other than skin folds, pitting edema   Ulceration, hemorrhage, necrosis

###### 

Maximal radiation dermatitis grade related to the clinicopathologic characteristics, assessed by radiation therapy oncology group score

  Characteristics                Grade 0   Grade 1   Grade 2   *p*-value               
  ------------------------------ --------- --------- --------- ----------- ---- ------ ---------------------------------------------------
  Tumor sites                                                                          
   Left breast                   19        19.4      68        69.4        11   11.2   0.983
   Right breast                  14        18.7      53        70.7        8    10.7   
  Molecular subtypes                                                                   
   Luminal A                     9         33.3      17        63.0        1    3.7    0.332
   Luminal B                     15        18.1      60        72.3        8    9.6    
   HER-2 enriched                5         14.3      24        68.6        6    17.1   
   Triple negative               4         14.3      20        71.4        4    14.3   
  Age, years                                                                           
   \<40                          5         20.8      19        79.2        0    0.0    0.362
   40--50                        9         16.1      41        73.2        6    10.7   
   50--60                        16        24.2      41        62.1        9    13.6   
   \>60                          3         11.1      20        74.1        4    14.8   
  Types of surgery                                                                     
   Lumpectomy                    18        52.9      14        41.2        2    5.9    0.000[\*](#tfn3-ott-11-1665){ref-type="table-fn"}
   Mastectomy                    15        10.8      107       77.0        17   12.2   
  Chemotherapy                                                                         
   Yes                           27        17.2      111       70.7        19   12.1   0.074
   No                            6         37.5      10        62.5        0    0.0    
  Radiation methods                                                                    
   IMRT                          31        18.9      115       70.1        18   11.0   0.969
   2D                            2         22.2      6         66.7        1    11.1   
  Fields treated                                                                       
   Whole breast                  15        53.6      11        39.3        2    7.1    0.000[\*](#tfn3-ott-11-1665){ref-type="table-fn"}
   Whole breast+SCN              2         33.3      4         66.7        0    0.0    
   Chest wall+SCN                11        10.0      87        79.1        13   11.8   
   Chest wall+SCN+IMN            4         13.8      21        72.4        4    13.8   
  Planned total radiation (Gy)                                                         
   50                            20        14.4      105       75.5        14   10.1   0.000[\*](#tfn3-ott-11-1665){ref-type="table-fn"}
   60                            13        43.3      14        46.7        3    10.0   
   \>60                          0         0.0       2         50.0        2    50.0   

**Notes:** Using a single-factor analysis of variance and the *χ*^2^-test to compare between each potential influencing factor by SPSS 15.0 statistical software.

Statistically significant.

**Abbreviations:** 2D, two-dimensional; IMN, internal mammary nodes; IMRT, intensity-modulated radiotherapy; SCN, supraclavicular nodes.
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